Material and Methods
The material consisted of premature and full term, still-born and live-born lambs and calves. The prematurely born specimens and those which were found in animals in advanced pregnancy were practically full-term. The age of the liveborn animals varied from 1 day to 56 days.
The distribution of the differently coloured adipose tissue was assessed by taking it from various parts of the body.
The histological structure of the adipose tissue of 75 animals was studied by light microscopy. The paraffin sections were stained with haemalin-eosin.
The portion of each of the different cell types constituting the adipose tissue was gauged by estimating what multiple of 25% of adipose tissue in a section consisted of a specific cell type.
Results
The content of fat of calves and lambs may vary just as in older animals. On the well-developed, well-nourished, full-term ruminant, there is a thin layer of fat (panniculus adiposus) which extends over the back, neck, flanks, and breast.
Along the fascia of the muscles of the neck, back, shoulder, and thigh there are small strips of adipose tissue, composed of a large number of fat lobes barely or incompletely separated from one another. The orbit is filled with and the joints are surrounded by adipose tissue. In the thoracic cavity, adipose tissue occurs in the pericardium, the mediastinal septum, the coronary sulcus, around the large blood vessels and their branches, and on the ventral surface of the spinal column. Adipose tissue occurs also on both sides of the thoracic walls up to the level of the costo-chondral junctions. In the abdominal cavity adipose tissue occurs against the aorta, on the ventral surface of the spinal column, around the adrenals, in the renal capsule, under the peritoneum of the pelvic cavity and intestines, and in the omentum and mesentery at the height of their junctions with the abomasum and the intestines. Adipose tissue occurs around every lymph node. The fat lobules of well-nourished calves and lambs are voluminous and white or light brown.
Occasionally all the adipose tissue is dark brown to reddish brown in young ruminants that died naturally and in slaughtered newly born calves. The total quantity of adipose tissue is much smaller than that in the aforementioned well-nourished animals. The lobules are much flattened.
Between these 2 extremes, transitory forms occur in which the colour adopts varying tints. Moreover, there is also the pecularity that the adipose tissue from different parts of the same body may vary in colour. In such cases, brown tissue is chiefly to be found along the spinal column, around the large blood vessels of the thoracic cavity, and along the various branches of the brachial arteries. The remaining adipose tissue is white. There is no well-defined limit between the regions in which the tissue is coloured differently, the transition generally being gradual. Table I was composed in order to demonstrate this transition of colour in these transitory forms. Among the 17 calves examined, specimens were found in which all the adipose tissue was white and 1 in which practically all the adipose tissue was brown. In the transitory forms, the brown tissue was located in particular on the ventral surface of the spinal column and in the regions of the superficial cervical lymph nodes. A similar situation was found on inspection of live-born lambs that died within a few weeks after birth. 
The great variety in colour of the adipose tissue during the perinatal period is explained by the morphological diversity of the fat cells and in the quantity of stored fat. Histologically, the adipose tissue of calves and lambs consists of various types of cells, both adipose and non-adipose. The univacuolar and plurivacuolar fat cells belong to the adipose group. Among the non-adipose cells are the pre-adipose cell, the atrophic fat cell, and the pleo-protoplasmatic fat cell.
The adipose cell is round and its protoplasm contains 1 or more fat vacuoles. The protoplasm of the plurivacuolar adipose or fat cell ( Fig. 1 ) contains a number of small fat vacuoles of identical size; the univacuolar fat cell ( Fig. 2 ), on the contrary, contains 1 large vacuole5.0.
The pre-adipose fat cell originates from undifferentiated mesenchyme before fat is accumulated in vacuoles. The body of the cell contains a minimum of protoplasm, but on the other hand it produces offshoots which, in conjunction with other preadipose cells, form a reticulum4~ 10.
The atrophic fat cell becomes a non-adipose cell after complete discharge of its once accumulated fat. The body of the atrophic cell either resembles the pre-adipose fat cell ( Fig. 3) , with a minimum of protoplasm and several offshoots, or it contains a large quantity of transparent fluid, wherein a small quantity of irregularly distributed granulated protoplasm is found. The latter is a round cell termed the serous atrophic type ( Fig. 4) . Jn both types the nucleus is lying in the centre of the cell body3.
The pleo-protoplasmatic fat cell is a large, polygonal cell ( Fig. 5 ), with a centrally located nucleus and a great quantity of granulated protoplasm without fat vacuolesQ~ 7 9 3. Apart from these very characteristic cell types, transitional stages were also found. Frequently, however, fat lobules were composed of merely 1 or 2 of the above-mentioned types of fat cells. This made it possible to distinguish 3 forms of adipose tissue in the young ruminants, henceforth called the perinatal, the atrophic, and the pleoprotoplasmatic adipose tissues.
The perinatal adipose tissue of newly born calves and lambs consists of adjacent lobules. These are composed of fat cells that, apart from a very small number of pre-adipose cells, are all adipose. The fat cells are of the univacuolar and/or the plurivacuolar type. The size of the fat vacuoles may vary greatly per cell and is, in most cases, smaller than that in mature animals. Depending on the size of the vacuole, the cell protoplasm is distributed in a more or less thick layer over and between the fat globules. The size of the fat cells depends on the size of the fat vacuoles. Accumulation of fat in the vacuoles increases the size of the fat cell and of the lobule, while the stroma and the capillary network are drawn further apart. Depending on the quantity of fat accumulated in the fat cells, the protoplasm, the stroma, and the capillaries are more or less concentrated. This, on 1 hand, and the degree of accumulation of fat in the vacuoles, on the other, influence the natural colour of the fat tissue. This tissue darkens when less fat is present in the vacuoles. Besides, its colour is also influenced by whether the capillary network be filled or not. Since the adiposity of the adipose tissue of young ruminants may vary during the perinatal period, the colour of this tissue may vary from white to very light brown.
Atrophying or atrophic adipose tissue consists of cells from which a part or all of the once accumulated fat has been discharged. In atrophying tissue the lobules grow smaller. They may become round, oval, or tapered oblong. If perinatal tissue discharge fat, the vacuoles of the univacuolar fat cells become progressively smaller. The plasma of the cells and the stroma of the lobules become more clearly visible and in the stroma an increasingly greater number of nuclei appear. As the fat discharge progresses, the nuclei of the adipose cells grow less flat and even take a central position in the cell body. After reaching this stage, the atrophying cell can transmute into 1 of the 2 different non-adipose atrophic fat cells: the type resembling the pre-adipose cell and the serous atrophic cell type.
Atrophic fat tissue may contain an excess of tissue fluid. In that case the offshoots of the pre-adipose types of the atrophic fat cell can be observed distinctly. If this not be the case, the shape of these cells is less well defined.
Lobules of the pleo-protoplasmatic adipose tissue consist either exclusively or mainly of a great number of pleo-protoplasmatic cells, their distinctive mark being uniformity of the composing cell type. The pleo-protoplasmatic adipose tissue is frequently extensively hyperaemic.
Completely atrophied fat cells can be found among adipose cells. Lobules may be observed whose fat cells are further advanced in the discharge of fat than those of the neighbouring lobules. A difference in the amount of fat discharge also appears in the adipose tissue taken from different parts of the body. Adipose tissues originating from the regions of the spinal columns and the large blood vessels of the thorax and that around the scapulae contain more atrophic fat cells than adipose tissue from the periphery of the body.
The colour of atrophying adipose tissue changes from white to brown. This transformation occurs initially in the adipose tissue of the thoracic cavity and extends to the periphery of the body if this tissue continue to discharge fatty acids.
The same is true in the case of pleo-protoplasmatic adipose tissue. Transformation of adipose cells into pleo-protoplasmatic cells being in the central part of the body and ends at the periphery after the last adipose cell has rid itself of the once stored fat. Simultaneously with this transformation the white of the adipose tissue changes into the brown of the pleo-protoplasmatic tissue.
Thus, in searching for the extent to which each type of fat cell is represented in the structure of adipose tissue in a specific section, it is possible to compare the structure of the adipose tissue in different regions of the body. Table I1 is compiled out of such data, taken from practically full-term bovine foetuses, full term but still-born animals, and from calves, varying in age from 3 to 14 days. The adipose tissue was taken from around the thoracic part of the aorta, from the lgl. cervicalis superficialis, and from the orbit. Each of the signs used in the table indicates that a specific type of fat cell represents 1 to 257; of the total amount of fat cells. The assessment was made by estimating the percentages in the section, using limited enlargement.
It was ascertained that in practically full-term bovine foetuses the adipose tissue taken from the different regions which were examined consisted of only 1 type of fat cell, viz. the univacuolar fat cell (Fig.6 ). This was also the case with the full-term but still-born animals. Liveborn calves differed. In some animals either fat cells of the purely atrophic type only were encountered or in combination with fatcontaining cells. It appeared that transformation of univacuolar fat cells into atrophic fat cells had been most extensive in the adipose tissue from the vicinity of the aorta and least in that from the orbit.
Similar research on sheep foetuses and on lambs resulted in a more varied outcome. Practically full-term foetuses (Table 111 ) had 2 types of fat cells: the plurivacuolar and the univacuolar. The part played by the plurivacuolar fat cell was very important in the adipose tissue around the aorta and of slight importance in that of the orbit. Practically the same situation was found in full-term but still-born animals (Table IV) , with the difference, however, that, on the average, the proportion of plurivacuolar cells had decreased in each of the regions and that, in a few lambs, only univacuolar cells were encountered.
An entirely different situation was found in live-born animals that, however, had died soon after birth. In this group (Table V) 4 types of fat cells have been found : the plurivacuolar, the univacuolar, the atrophic, and the pleo-protoplasmatic. In some lambs the composition of the adipose tissue did not differ from that of newly born animals. A few animals had an entirely atrophic or pleo-protoplasmatic adipose tissue. In others, 3 or 4 types of fat cells were found simultaneously.
It was significant that in all cases where the univacuolar or the plurivacuolar adipose tissue had completely or partly transmuted into pleoprotoplasmatic or atrophic tissue, this transformation had always made the greatest progress in the adipose tissue around the aorta and the slowest in that from the orbit. 
Discussion
Various types of fat cells may be found in the adipose tissue of young ruminants : the plurivacuolar, the univacuolar, the atrophic, and the pleo-protoplasmatic. However, the number of types to be found in calves differs from that to be found in lambs. In calves, univacuolar fat cells (Fig. 6 ) only are found in practically full-term and in full-term animals, whereas in live-born animals the atrophic adipose cell can only originate out of the transformation of this univacuolar cell. In lambs a far greater variety of cells is to be noted. Just prior to birth the adipose tissue contains both plurivacuolar and univacuolar cells, whereas after birth these cells may transmute into atrophic or pleo-protoplasmatic fat cells. This transformation may take place to such an extent that the adipose tissue is entirely composed of fat cells of a single type. In these cases the transmuted adipose tissue is named after the type of cell of which it consists at that moment. Transformation of plurivacuolar and univacuolar into atrophic or pleo-protoplasmatic takes place initially in the adipose tissue situated at the centre (aorta) of the body and from there it spreads to the periphery (orbit). On the other hand, transformation of pluri-into univacuolar cells begins on the periphery. Each transformation is accompanied by a change in colour of the adipose tissue. The change from white to brown is influenced by the amount of fat stored in the fat cells at a given moment.
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T o find brown adipose tissue in ruminants does not always imply that one is being confronted with adipose tissue of a determined type.
In order to ascertain this it is necessary to examine the adipose tissue histologically, particularly in lambs. In this animal the adipose tissue map assume various structures during the perinatal period.
In this morphoIogica1 study it is not possible to go into the physiological background and the significance of the various transformations. It can only briefly be stated here that a relation may exist between the appearance of pleo-protoplasmatic adipose tissue in lambs and a period of hypothermia, which may follow immediately upon birth1 for a number of authors have established the relation between this type of cell and hypothermia in various experimental animals as well as in humans29 8. In this context it is interesting-as appears from this morphological study-that there is a difference between the adipose tissue of the calf and that of the lamb. In lambs, pleo-protoplasmatic and plurivacuolar fat cells are encountered whereas neither is found in calves. And for this reason it is felt that these 2 species may presumably be singled out for comparative studies between hypothermia and adipose tissue in animals.
Jummary
The nature and localization of the brown adipose in young calves, lambs, and in practically full-term foetuses of cows and sheep has been examined. It was found that brown adipose tissue could be composed of types of fat cells greatly differing mutually and that, in lambs, a greater variety of cell-types is to be found than in calves. These types of fat cells, or the types of adipose tissue consisting of them, may transmute into one another. As a rule, these transformations begin to take place in the adipose tissue of the thorax, the more peripheral adipose tissue gradually being involved.
Zusammen fassung
Die Beschaffenheit und die Lage des braunen Fettgewebes bei jungen Kalbern und Lammern wurde untersucht; ebenso bei nahezu ausgetragenen Foeten von Rindern und Schafen.
Es wurde gefunden, dass braunes Fettgewebe aus Fettzelltypen zusammengesetzt sein kann, die unter einander sehr verschieden sind.
Auch kann man bei Lammern eine grossere Verschiedenheit von Zelltypen antreffen als bei Kalbern. Diese Fettzelltypen oder die daraus bestehenden Fettgewebe konnen in einander ubergehen. In der Regel fangen diese Umwandlungen im Fettgewebe des Thorax an und breiten sich allmahlich auf das periphere Fettgewebe aus,
